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DESCRIPTION 
LIQUID CRYSTAL DISPLAY APPARATUS 



TECHNICAL FIELD 

The present invention relates to a back light 
type liquid crystal apparatus. 

BACKGROUND ART 
5 In recent years, it is promoted to make a 

personal computer compact, and a portable device so called 
as a lap-top type widely spread. In this lap top type, 
a liquid crystal apparatus is generally employed for a 
display apparatus thereof, however, in accordance with 

10 a development to a color display in recent years, a back 
light type display apparatus in which a light source is 
arranged at the back of a liquid crystal display plate 
and a whole of a display surface is lighted up from a back 
side spread. It is necessary to make a brightness of the 

15 light source as the back light apparatus for this kind 
of display apparatus high, and light up the whole of the 
flat surface without unevenness of the brightness . In 
order to improve the brightness, an improved brightness 
can be easily achieved by increasing the brightness of 

2 0 the light source, however, an increase of the brightness 
of the light source is limited because a battery or the 
like is employed as a drive source in the lap-top type 
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personal computer and the like, so that there has been 
conventionally no effective method. 

As an edge light type light apparatus for a 
conventional liquid crystal display apparatus, there are 
5 apparatuses described in Japanese Patent Unexamined 
Publication Nos . 4-162002 and 6-67004. In these 
apparatuses, as shown in Fig. 2, a lamp such as a 
cold-cathode tube, a hot-cathode tube or the like is 
employed for a light source 1, this is arranged on an end 

10 surface of a light conductor plate 2 made of a permeable 
material, a light scattering layer 3 for scattering a light 
and a reflecting plate 4 for reflecting a light is provided 
on a lower surface of the light conductor plate 2, and 
a diffusion plate 5 made of a milk white synthetic resin 

15 having an optical confusion effect for making a brightness 
of the light surface uniform all around the whole surface 
is provided on an upper surface of the light conductor 
plate 2. Further, on an upper surface thereof, there are 
arranged a first light condensing plate 6 and a second 

2 0 light condensing plate 7 which converge a diffused light 
at a certain degree so as to improve a brightness of a 
front surface of the display apparatus. 

Further, a structure of the light confusion 
layer for confusing the light guided by the light conductor 

25 plate 2 in a direction of the diffusion plate and a method 
of manufacturing the same are as follows. Fig. 3 shows 
a structure of the light confusion layer. The light 
confusion layer is structured such that a plurality of 
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light confusion materials 8 using a titanium oxide or the 
like is formed on the surface of the light conductor plate 
2 in accordance with a method such as a printing or the 
like. An optical strength from the light source becomes 
5 lowered as being apart from the light source 1. 

Accordingly, an area of the light confusion materials is 
set to become larger as they are apart from the light 
source . 

On the contrary, as described in Japanese Patent 
10 Unexamined Publication No. 7-294745, there is proposed 
a light conductor plate of a type in which a grating groove 
is formed on a bottom surface of the light conductor plate 
so as to reflect an incident light to the light conductor 
plate . 

15 As mentioned above, in the conventional light 

apparatus, it is structured such that an emitting light 
from the light source is introduced to the light conductor 
plate, confused by the light confusion materials 
contained in the light confusion layer and thereafter 

20 irradiated to a liquid crystal element after passing 
through the diffusion plate, so that the structure is 
complex and there is a problem that the brightness is 
lowered due to a loss such as the light confusion and the 
like. Further, there is a problem that in the method of 

2 5 forming the grating groove, it is hard to manufacture a 
metal mold. 

In the conventional apparatus mentioned above, 
since a number of the elements is large and the diffusion 



plate and the light condensing plate are arranged on an 
upper surface of the light conductor plate, unevenness 
of the brightness can be reduced, however, there is a 
disadvantage that the whole brightness is reduced. In the 
5 case of this structure, since a uniformity of the 

brightness and an improvement of the brightness are always 
opposing objects, it is hard to solve them. On the 
contrary, in the case of the light conductor plate of the 
type in which the grating groove is formed, the improvement 

10 of the brightness can be achieved, however, it is 

significantly hard to manufacture the metal mold and make 
the brightness uniform. 

The present invention is made for solving the 
current status mentioned above, and an object of the 

15 present invention is to provide a liquid crystal apparatus 
which improves the conventional disadvantages and can 
improve a brightness without increasing a brightness of 
the light source. 

DISCLOSURE OF THE INVENTION 

2 0 In order to achieve the object mentioned above, 

in accordance with the present invention, a light 
conductor plate having a plurality of small projecting 
portions or small recess portions (hereinafter, refer to 
as dots) with a suitably controlled angle of incline of 

25 a cross section is employed for converting a direction 
of a forward movement of a waveguide light within a light 
conductor plate into a predetermined direction. Further, 
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a reflection film is formed along the dots or the 
reflection film is arranged as occasion demands . Further, 
a prism sheet having a suitable prism top angle is arranged 
as occasion demands, thereby irradiating a light beam 
5 having a suitable angle distribution toward a display- 
element from a light outputting surface. Further, in 
order to prevent Moire from generating, a member in which 
an arrangement of the dots satisfies a fixed restricting 
condition and the dots are arranged and formed at random, 
10 is employed. Further, by changing a number of the dots 
and/or a shape thereof and/or a size thereof as occasion 
demands, an angle distribution of the emitting light is 
made uniform and an unevenness of the brightness is 
prevented from being generated. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a back light 
apparatus portion of a liquid crystal display apparatus 
in accordance with the present invention; 

Fig. 2 is a cross sectional view of a 
2 0 conventional dot printing type light conductor plate; 

Fig. 3 is a schematic view of a dot printing in 

Fig. 2; 

Fig. 4 is a schematic view of a size of the dot 
in accordance with the present invention; 
25 Fig. 5 is a view which totally shows an 

embodiment in accordance with the present invention; 
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Fig. 6 is a schematic view of a direction of 
cutting an angle of incline of a cross section in 
accordance with the present invention; 

Fig. 7 is a first schematic view of the angle 
5 of incline of a cross section in accordance with the 
present invention; 

Fig. 8 is a second schematic view of the angle 
of incline of a cross section in accordance with the 
present invention; 
10 Fig. 9 is a third schematic view of the angle 

of incline of a cross section in accordance with the 
present invention; 

Fig. 10 is a fourth schematic view of the angle 
of incline of a cross section in accordance with the 
15 present invention; 

Fig. 11 is a fifth schematic view of the angle 
of incline of a cross section in accordance with the 
present invention; 

Fig. 12 is a sixth schematic view of the angle 
20 of incline of a cross section in accordance with the 
present invention; 

Fig. 13 is a seventh schematic view of the angle 
of incline of a cross section in accordance with the 
present invention; 
25 Fig. 14 is a eighth schematic view of the angle 

of incline of a cross section in accordance with the 
present invention; 
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Fig. 15 is a ninth schematic view of the angle 
of incline of a cross section in accordance with the 
present invention; 

Fig. 16 is a tenth schematic view of the angle 
5 of incline of a cross section in accordance with the 
present invention ; 

Fig. 17 is a view which totally shows a shape 
of a flat surface of the dot in accordance with the present 
invention; 

10 Fig. 18 is a perspective view which shows a small 

recess portion of a light conductor plate in accordance 
with the present invention; 

Fig. 19 is a schematic view of a shape of the 
small recess portion of the light conductor plate in 
15 accordance with the present invention; 

Fig. 20 is a view for explaining a locus of a 
light beam within the light conductor plate in accordance 
with a first embodiment of the present invention; 

Fig. 21 is a schematic view of a shape of the 
2 0 light conductor plate in accordance with the present 
invention; 

Fig. 22 is a first view of a relation between 
an angle of incline of a cross section of the small recess 
portion and an angle distribution of the emitting light 
2 5 in accordance with the first embodiment of the present 
invention; 

Fig. 23 is a first view of a relation between 
an angle of incline of a cross section of the small recess 
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portion and a strength of the emitting light in accordance 
with the first embodiment of the present invention; 

Fig. 24 is a second view of a relation between 
an angle of incline of a cross section of the small recess 
5 portion and an angle distribution of the emitting light 
in accordance with the first embodiment of the present 
invention; 

Fig. 25 is a second view of a relation between 
an angle of incline of a cross section of the small recess 
10 portion and a strength of the emitting light in accordance 
with the first embodiment of the present invention ; 

Fig. 2 6 is a third view of a relation between 
an angle of incline of a cross section of the small recess 
portion and an angle distribution of the emitting light 
15 in accordance with the first embodiment of the present 
invention ; 

Fig. 27 is a third view of a relation between 
an angle of incline of a cross section of the small recess 
portion and a strength of the emitting light in accordance 
2 0 with the first embodiment of the present invention ; 

Fig. 2 8 is a view which totally shows a shape 
of a flat surface of the dot in accordance with the present 
invention ; 

Fig. 29 is a view of a cross sectional shape of 
25 the small recess portion in accordance with the present 
invention; 

Fig. 30 is a view of a relation between a depth 
of the small recess portion and a strength of the emitting 
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light in accordance with the present invention; 

Fig. 31 is a view of a relation between a size 
of the small recess portion and .a visibility of the dot 
in accordance with the present invention; 
5 Fig. 32 is a schematic view of a structure in 

accordance with the present invention; 

Fig. 33 is a perspective view of a back light 
apparatus portion in accordance with a second embodiment 
of a liquid crystal display apparatus of the present 
10 invention ; 

Fig . 34 is a perspective view which shows a small 
projecting portion of the light conductor plate in 
accordance with the present invention; 

Fig. 35 is a schematic view of a shape of a small 
15 projecting portion of the light conductor plate in 
accordance with the present invention; 

Fig. 36 is a view for explaining a locus of a 
light beam within the light conductor plate in accordance 
with the present invention; 
20 Fig. 37 is a view of a relation between an angle 

of incline of a cross section of the small projecting 
portion and an angle distribution of the emitting light 
in accordance with the second embodiment of the present 
invention; 

25 Fig. 38 is a view of a relation between an angle 

of incline of a cross section of the small projecting 
portion and a strength of the emitting light in accordance 
with the second embodiment of the present invention; 
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Fig. 39 is a view of a cross sectional shape of 
the small projecting portion in accordance with the 
present invention; 

Fig. 40 is a view of a relation between a depth 
5 of the small projecting portion and a strength of the 
emitting light in accordance with the present invention; 

Fig. 41 is a perspective view of a back light 
apparatus portion in accordance with a third embodiment 
of a liquid crystal display apparatus of the present 
10 invention; 

Fig . 42 is a perspective view which shows a small 
recess portion of the light conductor plate in accordance 
with the present invention; 

Fig. 43 is a view for explaining a locus of a 
15 light beam within the light conductor plate in accordance 
with the third embodiment of the present invention; 

Fig. 44 is a schematic view of an angle 
distribution of the emitting light in accordance with the 
third embodiment of the present invention ; 
20 Fig. 45 is a view of a relation between an angle 

of incline of a cross section of the small recess portion 
and a strength of the emitting light in accordance with 
the third embodiment of the present invention; 

Fig. 46 is a view of a cross sectional shape of 
25 a light condensing plate used for the present invention; 

Fig. 47 is a view of a main portion of a fourth 
embodiment of a liquid crystal display apparatus in 
accordance with the present invention; 
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Fig. 48 is a first angle distribution of an 
emitting light of the fourth embodiment in accordance with 
the present invention; 

Fig. 49 is a second angle distribution of the 
5 emitting light of the fourth embodiment in accordance with 
the present invention; 

Fig. 50 is an angle dependence of the emitting 
light of the fourth embodiment in accordance with the 
present invention; 
10 Fig. 51 is a schematic view of Fig. 50; 

Fig. 52 is a view of an angle dependence of the 
emitting light at a time when an angle of incline of a 
cross section in accordance with the present invention 
is uniform; 

15 Fig. 53 is a view of an angle dependence of the 

emitting light in the case of changing an angle of incline 
of a cross section in accordance with the present 
invention; 

Fig. 54 is a view of an angle dependence of the 
2 0 emitting light in the case of locally changing an angle 
of incline of a cross section in accordance with the 
present invention; 

Fig. 55 is a view which shows a relation between 
a surface roughness and a brightness of a front surface 
2 5 in accordance with the present invention; 

Fig. 56 is a first view of a process for 
manufacturing the light conductor plate used for the 
present invention; 
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Fig. 57 is a second view of a process for 
manufacturing the light conductor plate used for the 
present invention ; 

Fig. 58 is a third view of a process for 
5 manufacturing the light conductor plate used for the 
present invention; 

Fig . 59 is a schematic view of a relation between 
a dot width and an angle of incline of a cross section 
in accordance with the present invention; 
10 Fig. 60 is a schematic view of a relation between 

an average distance between dots and an angle of incline 
of a cross section in accordance with the present 
invention; 

Fig. 61 is a schematic view of an example of a 
15 relation between a dot width and an angle of incline of 
a cross section in accordance with the present invention; 
and 

Fig. 62 is an exploded perspective view of a main 
portion of a liquid crystal display apparatus in 
2 0 accordance with the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

In accordance with the present invention, in 
order to convert a forward moving direction of a waveguide 
light within a light conductor plate into a predetermined 
25 direction, a dot 9 constituted by a plurality of small 
projecting portions or small recess portions is formed 
on a surface of the light conductor plate. The dot 
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corresponds, as shown in Fig. 4 (in the case of forming 
the small recess portions on a lower surface of the light 
conductor plate) , to a small projecting portion or a small 
recess portion surrounded by a flat portion 11 (Ra < 1.0 
5 um and angle with respect to a light conductor plate light 
emitting surface 12 is 10 degrees or less) of a light 
conductor plate dot forming surface as viewing a dot 
forming surface 10 on the surface of the light conductor 
plate. 

10 Fig. 5 totally shows an embodiment in accordance 

with the present invention, and shows an angle of an 
inclined surface of the small projecting portion or the 
small recess portion with respect to the flat portion of 
the surface of the light conductor plate (hereinafter, 

15 refer to as an angle of incline of a cross section) , a 
distribution of angles of incline in a cross section, a 
depth or a height, a distribution thereof, a shape of a 
flat surface, a distribution of a shape, a size, an 
arrangement of dots, a distribution of density of dots, 

20 a distribution of shapes of the dots, and a sub material 
of the light conductor plate in accordance with the present 
invention . 

An angle of incline of a cross section of the 
light conductor plate of the liquid crystal display 
25 apparatus in accordance with the present invention 

suitably has an angle of 7 to 85 degrees (preferably 7 
to 43 degrees and 50 to 85 degrees) . Particularly, in the 
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case of forming a reflecting film, it is suitably set to 
2 0 to 40 degrees, in the case of employing a light 
condensing plate and not forming the reflecting film, it 
is suitably set to 7 to 43 degrees, and in the case of 
5 not employing the light condensing plate and not forming 
the reflecting plate, it is suitably set to 50 to 85 
degrees . 

Here, a description will be given of the angle 
of incline of the cross section with reference to Figs. 
10 6 to 16. 

Fig. 6 is a view which explains a cutting surface 
13 of the light conductor plate at a time of determining 
the angle of incline of the cross section. When 
determining the angle of incline of the cross section, 

15 as shown in Fig. 6, it is desirable to cut the dot in a 
perpendicular direction to a light source 1 and in a 
perpendicular direction to the light conductor plate 
light emitting surface 12 . This is because an inclined 
surface of the dot in a horizontal direction acts on the 

20 light source due to a reflection, a refraction and the 
like in a more effective manner than that at a time of 
changing a course of the light. 

When determining the angle of incline of the 
cross section, a calculation is performed in accordance 

2 5 with the following way. 

In the case that the cross sectional shape of 
the dot can be substantially similar to a trapezoidal shape 
as shown in Fig. 7, the angle of incline of the cross 
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section is determined as shown in Fig . 7 . In the case that 
it is hard to be approximated to the trapezoidal shape, 
the cross sectional shape is at first approximated to a 
straight line. As a result, when it is possible to 
5 substantially approximate as shown in Figs. 8 and 9, 02 
is set to be as the angle of incline of the cross section. 
Further, when it is possible to substantially approximate 
as shown in Figs. 10 and 11, an average value between 01 
and 02 is set to be the angle of incline of the cross section. 

10 Further, when it is possible to substantially approximate 
as shown in Figs. 12 and 13, an average value between 01 
and 02 is set to be the angle of incline of the cross section . 
In this case, in the case that a relation 02 < 10 degrees 
is established, a value 01 - 02 is set to be the angle of 

15 incline of the cross section. Further, when it is 

possible to substantially approximate as shown in Figs. 
14 and 15, an average value between 01 and 02 is set to 
be the angle of incline of the cross section. In this case, 
in the case that a relation 02 < 10 degrees is established, 

20 a value 01 - 02 is set to be the angle of incline of the 
cross section. In this case, in Figs. 8 to 15, the angle 
of incline of the cross section may be calculated in 
accordance with the following formula (formula 1). 
Further, it is desirable to approximate so that an 

2 5 approximate error (a difference between a true value and 
an approximate value) becomes 5 % or less of a dot depth 
(a dot height) of the dot for calculating the angle of 
incline of the cross section. Further, a value of 0 
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corresponds to a value determined in accordance with a 
refractive index of the light conductor plate, and in the 
case that the refractive index is 1.47 ± 0.1, about 18 
degrees is suitable. 
5 ANGLE OF INCLINE IN CROSS SECTION 

(FORMULA 1) 

LI = LENGTH OF STRAIGHT LINE 1 
L2 = LENGTH OF STRAIGHT LINE 2 
9 = VALUE DETERMINED IN ACCORDANCE WITH 
10 REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE 

REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE = 
ABOUT 18 DEGREES WHICH IS SUITABLE IN CASE OF 1.47 ± 0.1 

Further, in the case that it is impossible to 
approximate as shown in Figs. 8 to 15, a cross sectional 

15 shape is approximated by the straight lines as little as 
possible so that the approximate error (the difference 
between the true value and the approximate value) becomes 
5 % or less of the dot depth (the dot height) of the dot 
for calculating the angle of incline of the cross section 

20 as shown in Fig. 16, and the angle of incline of the cross 
section is calculated by applying to the following formula 
(the formula 2) with respect to the straight line having 
an angle equal to or more than 5 degrees formed with respect 
to the flat portion 11 of the surface of the light conductor 

25 plate which functions as the effective reflection and 
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refraction surface among the straight lines . In this case , 
in the case that the dot shape is not symmetrical in right 
and left, it is desirable to set an angle of an inclined 
surface in which the waveguide light within the light 
5 conductor plate is more reflected to the angle of incline 
of the cross section. 

ANGLE OF INCLINE IN CROSS SECTION 



(FORMULA 2) 



Ln = LENGTH OF STRAIGHT LINE n 
10 0 = VALUE DETERMINED IN ACCORDANCE WITH 

REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE 

REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE = 
ABOUT 18 DEGREES WHICH IS SUITABLE IN CASE OF 1.47 ± 0.1 



The angle of incline of the cross section calculated 
15 in the manner mentioned above is defined within the range 
mentioned above, because an amount of the light emitted 
from the oblique direction is restricted at an amount equal 
to or more than necessary so as to improve the brightness 
of the front surface as well as the distribution of the 
2 0 emitting angle of the light from the emitting surface of 
the light conductor plate is made suitable. Further, it 
is desirable that the angle of incline of the cross section 
of the dot is made smaller as it is near the cold-cathode 
tube in order to intend to make the distribution of the 
25 angle of the brightness uniform. 
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The depth or the height of the dot is suitably 
set to 2 to 100 um (preferably 5 to 40 um) . Because the 
brightness of the portion near the light source becomes 
too high and as a result the distribution of the brightness 
5 becomes uneven in the case that the depth or the height 
of the dot is more than 100 um, it is hard to charge the 
plastic material to the small projecting portion or the 
small recess portion of the dot and the desired dot shape 
can not be formed when forming the light conductor plate, 

10 and the size of the dot is increased so as to make the 
dot visible when setting the depth or the height of the 
dot to be greater. On the contrary, when the depth or the 
height of the dot is smaller than 2 p, a reflection 
efficiency of the light is lowered and it is impossible 

15 to obtain the desired brightness, and the waveguide light 
is easily confused and diffracted and it becomes the same 
in the case of simply setting the light conductor plate 
to the rough surface. Further, it is desirable to make 
the depth and the height of the dot smaller as it becomes 

2 0 near the cold-cathode tube in order to intend the 
uniformity of the distribution of the brightness. 

With respect to the shape of the flat surface 
of the dot, that is, the shape in the case of viewing the 
dot from the front surface of the dot forming surface, 

25 various shapes are effective and the shape is not 

particularly limited. As an aim, there can be used a 
substantially rectangular shape (A) , a regular square (B) , 
a circular shape (C) , a substantially circular shape (D) 
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(a shape obtained by partly deforming a circle) , a regular 
polygonal shape (E) , a trapezoidal shape (F) and a 
combination thereof (G) , which are shown in Fig. 17. The 
substantially rectangular shape has less confusion and 
5 is suitable for improving the brightness of the front 
surface, and since the others are effective for preventing 
a shadow from generating from the light inputting surface 
since a component of the confusion is great . In this case, 
the substantially rectangular shape includes a 

10 rectangular shape and means a shape obtained by providing 
a round at corners of the rectangle and a shape similar 
to the trapezoidal shape obtained by deforming a length 
of a line with respect to the rectangle. 

It is desirable that the distribution of the flat 

15 surface shape of the dot is structured such as to make 
the dot area smaller as it becomes near the cold-cathode 
tube in order to intend to make the distribution of the 
brightness uniform. Further, in the case that the 
confusion is particularly necessary, it is desirable to 

2 0 make the dot area partly small, or in the case that the 
dot shape is the substantially rectangular shape, it is 
desirable to set the shape to the substantially regular 
square or the circular shape. 

The size of the dot is desirably set such that 

25 the area thereof is 0 . 2 square mm or less (preferably 0 . 05 
square mm or less) . Further, in the case that the flat 
surface shape of the dot is the substantially rectangular 
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shape, it is desirable that the length of the short line 
is 200 um or less (preferably 100 um or less) . Because 
when the size of the dot becomes greater than this, the 
shape of the dot formed on the light conductor plate is 
5 visible (dot visible) in some characters or patterns in 
the case that the user for the personal computer or the 
like sees the liquid crystal display apparatus, thereby 
preventing a judgement of the characters and the patterns. 
On the contrary, the area of the dot is desirably greater 

10 than 0.000025 square mm (preferably 0.0001 square mm). 
When the area of the dot is smaller than this, the 
efficiency of reflection of the light is lowered and the 
desired brightness can not be obtained, and the waveguide 
light is easily confused and diffracted, so that it becomes 

15 the same in the case of simply setting the light conductor 
plate to the rough surface. 

An arrangement of the flat surface of the dot 
is desirably random. Because the dot in accordance with 
the present invention is fine, thereby preventing Moire 

2 0 generated by an interference with a regular pattern of 
the other members constituting the liquid crystal display 
apparatus, for example, a liquid crystal cell, a collar 
filter, a TFT pattern, a black stripe and the like. In 
the case that the shape of the flat surface of the dot 

25 is the substantially rectangular shape, it is better to 
arrange the pattern so that a longer line of the rectangle 
is substantially in parallel to the emitting surface of 
the light source. Because it is easy to intend to make 
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the distribution of the emitting angle proper. 

The density of the dot is desirably set smaller 
as the dot is closer to the light source in order to make 
the distribution of the brightness uniform. 
5 Further, in the liquid crystal display 

apparatus in accordance with the present invention, it 
is effective for improving the brightness, making the 
distribution of the brightness proper and making the 
emitting angle proper to commonly employ the 

10 conventionally used sub materials such as the reflection 
plate, the diffusion plate, the light condensing plate 
and the like. 

A description will be given below of a first 
embodiment in accordance with the present invention with 

15 reference to the accompanying drawings. 

Fig. 1 is a perspective view of a back light 
apparatus employed for the liquid crystal display 
apparatus in accordance with the present invention, Fig. 
18 is a perspective view which shows a dot (a small recess 

20 portion) of the present embodiment, and Fig. 19 is a 
schematic view which explains a shape of the dot (the small 
recess portion) of the present embodiment. 

The back light apparatus has a light source 1, 
a light conductor plate 2 and a reflection plate 4 as 

25 minimum constituting elements, and a dot 9 (a small recess 
portion) is formed on a light conductor plate lower surface 
18 in the light conductor plate. Further, the dot is 
basically arranged at random. 
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Fig. 2 0 shows a locus of a light beam of a light 
conductor plate waveguide light 14 which moves forward 
within the light conductor plate in accordance with the 
present invention. In Fig. 20, the emitting light from 
5 the light source is input to the light conductor plate 
at an end surface 15 of the light conductor plate in the 
side of the light source, as a light conductor plate 
incident light 16, becomes the light conductor plate 
waveguide light, and moves forward toward the other end 

10 surface 17 while repeating a total reflection on the light 
conductor plate lower surface 18 and a light conductor 
plate light emitting surface 12. A light beam 20 input 
to a inclined surface 19 of the small recess portion among 
the waveguide lights is reflected and brought into contact 

15 with a light emitting surface, is refracted there so as 
to be emitted from the light emitting surface, and is 
emitted as an emitting light beam 21. Then, the light 
beams which are not reflected become a dot inclined surface 
transmitting light beam 22 so as to be reflected 23 on 

20 the reflecting plate, and is again input to the light 
conductor plate 2, and a part thereof is emitted from the 
light emitting surface and the remainder become again the 
light conductor plate waveguide light. Accordingly, by 
suitably arranging the dots, it is possible to gradually 

25 emit the waveguide light from the light conductor plate 
so as to light the liquid crystal display element. 
Further, by properly controlling an angle of incline of 
a cross section 24, it is possible to control the 
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distribution of the angle of the emitting light from the 
light conductor plate. Further, a proper angle of the 
angle of incline of the cross section is influenced by 
a shape of the light conductor plate. 

Fig. 21 is a view which shows shapes of three 
types of light conductor plates manufactured in the first 
embodiment. Fig. 22 is a view which shows a relation 
between the angle of incline of the dot of the small recess 
portion in the light conductor plate in Fig. 21(A) and 
the distribution of the angles of the emitting lights from 
the light conductor plate. In this case, the emitting 
angle in a graph of Fig. 22 corresponds to an emitting 
angle 25 illustrated in Fig. 21. Fig. 23 is a view which 
shows a relation between the angle of incline of the cross 
section and the brightness of the front surface in the 
case of placing the diffusion plate, the first light 
condensing plate and the second light condensing plate 
on the light conductor plate in Fig. 21(A). In 
measurement, a depth of the small recess portion is set 
to 3 pi in the case that the angle of incline of the cross 
section is 10 degrees or less, and 8 pm in the case that 
it is 2 0 degrees or more. Further, the dot density is 
optimized and measured so that the whole of the light 
conductor plate is uniformly lightened. Further, as 
shown in Fig. 20, the reflecting plate 4 may be provided 
on the lower surface and the side surface of the light 
conductor plate. 
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Fig. 22 will be in detail described below. In 
the angle of incline of the cross section of 5 to 30 degrees, 
the emitting angle for the maximum strength of the emitting 
light is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light at that time is increased. When setting 
the angle of incline of the cross section to 30 to 50 
degrees, the emitting angle is further increased together 
with an increase of the angle of incline of the cross 
section, however, the strength of the emitting light is 
reduced. Then, in the angle of incline of the cross 
section of 50 degrees or more, there is no apparent peak 
in the distribution of the angle of the emitting light. 

This is because in the case that the angle of 
incline of the cross section is equal to or less than 30 
degrees, the light conductor plate waveguide light is 
reflected under a condition similar to the total 
reflection due to the great incident angle and the 
reflective index is high when it is reflected on the small 
recess portion inclined surface 19, so that the emitting 
angle at which the strength of the emitting light becomes 
maximum is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light from the light emitting surface is 
increased. On the contrary, in the case that the angle 
of incline of the cross section is equal to or more than 
3 0 degrees, when the light conductor plate waveguide light 
is reflected on the small recess portion inclined surface, 
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the incident angle is reduced together with an increase 
of the angle of incline of the cross section, and the 
reflective index on the inclined surface of the small 
recess portion is reduced. Accordingly, the emitting 
5 angle at which the strength of the emitting light becomes 
maximum is increased together with the increase of the 
angle of incline of the cross section, however, the 
strength of the emitting light at that time is reduced. 
Further, in the angle of incline of the cross section of 
10 50 degrees or more, the reflective index is greatly lowered, 
the dot inclined surface transmitting light 22 is mainly 
contained and the light 23 reflected on the reflecting 
plate becomes great, so that there is no apparent peak 
in the distribution of the angle. Further, the brightness 
15 of the front surface becomes peak when the angle of incline 
of the cross section is 25 degrees. This is because the 
light is smoothly emitted since in the case that the angle 
of incline of the cross section is close to 25 degrees, 
the reflection on the inclined surface of the small recess 
20 portion is close to a critical angle and has a high 
reflective index and the incident angle on the light 
conductor plate light emitting surface 12 is relatively 
small and has a high transmittance . On the contrary, when 
the angle of incline of the cross section is greater than 
25 the value close to 25 degrees, the dot inclined surface 
transmitting light becomes great and the loss at a time 
of reflecting on the reflecting plate and the like are 
increased. Further, since the reflective index when 
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refracting and emitting on the light conductor plate light 
emitting surface 12 is increased when setting it equal 
to or less than this value, the number of the reflections 
within the light conductor plate is increased and the loss 
5 is increased, and it is impossible to secure a sufficient 
inclined surface of the small recess portion even when 
increasing the dot density to a maximum level. 

In the embodiment mentioned above (Fig. 21(A) ) , 
an optimum angle of incline of the cross section is 15 
10 to 40 degrees and 50 to 85 degrees . Particularly speaking, 
since the distribution of the angle of the emitting light 
from the light conductor plate is not important in the 
case of employing the light condensing plate and the 
diffusion plate, the optimum angle of incline of the cross 
15 section is 15 to 40 degrees (preferably 18 to 35 degrees) 
at which the brightness of the front surface becomes great . 
Further, in the case of not employing the light condensing 
plate, the optimum angle of incline of the cross section 
is equal to or more than 50 degrees at which the 
2 0 distribution of the angle of the emitting light becomes 
small. Further, when setting it to be equal to or more 
than 85 degrees, a formation becomes hard and it is not 
preferable . 

Fig. 24 is a view which shows a relation between 
25 the angle of incline of the dot of the small recess portion 
in the light conductor plate in Fig. 21(B) and the 
distribution of the angles of the emitting lights from 
the light conductor plate. Fig. 25 is a view which shows 
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a relation between the angle of incline of the cross 
section and the brightness of the front surface in the 
case of placing the diffusion plate, the first light 
condensing plate and the second light condensing plate 
on the light conductor plate in Fig. 21(B). In 
measurement, a depth of the small recess portion is set 
to 3 um in the case that the angle of incline of the cross 
section is 10 degrees or less, and 8 um in the case that 
it is 20 degrees or more. Further, the dot density is 
optimized and measured so that the whole of the light 
conductor plate is uniformly lightened. Further, as 
shown in Fig. 20, the reflecting plate 4 is provided on 
the lower surface and the side surface of the light 
conductor plate. 

Fig. 24 will be in detail described below. In 
the angle of incline of the cross section of 5 to 25 degrees , 
the emitting angle for the maximum strength of the emitting 
light is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light at that time is increased. When setting 
the angle of incline of the cross section to 25 to 50 
degrees, the emitting angle is further increased together 
with an increase of the angle of incline of the cross 
section, however, the strength of the emitting light is 
reduced. Then, in the angle of incline of the cross 
section of 50 degrees or more, there is no apparent peak 
in the distribution of the angle of the emitting light. 

This is because in the case that the angle of 
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incline of the cross section is equal to or less than 25 
degrees, the light conductor plate waveguide light is 
reflected under a condition similar to the total 
reflection due to the great incident angle and the 
reflective index is high when it is reflected on the small 
recess portion inclined surface, so that the emitting 
angle at which the strength of the emitting light becomes 
maximum is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light from the light emitting surface is 
increased. On the contrary, in the case that the angle 
of incline of the cross section is equal to or more than 
25 degrees, when the light conductor plate waveguide light 
is reflected on the small recess portion inclined surface, 
the incident angle is reduced together with an increase 
of the angle of incline of the cross section, and the 
reflective index on the inclined surface of the small 
recess portion is reduced. Accordingly, the emitting 
angle at which the strength of the emitting light becomes 
maximum is increased together with the increase of the 
angle of incline of the cross section, however, the 
strength of the emitting light at that time is reduced. 
Further, in the angle of incline of the cross section of 
50 degrees or more, the reflective index is greatly lowered, 
the dot inclined surface transmitting light is mainly 
contained and the confused light on the reflecting plate 
becomes great, so that there is no apparent peak in the 
distribution of the angle. The position of the peak in 
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this case is different from 30 degrees in Fig. 21(A) 
because the angle of incline of the cross section becomes 
substantially great and the waveguide light within the 
light conductor plate repeats the total reflection, 
whereby the angle formed between the light conductor plate 
and the waveguide light within the light conductor plate 
is increased since the light conductor plate is not flat 
and a thickness in the side of the light source is formed 
in a thick wedge shape. 

Further, the brightness of the front surface becomes peak 
when the angle of incline of the cross section is 15 to 
20 degrees. Here, the position of the peak is different 
from 25 degrees in Fig. 21(A) because the angle of incline 
of the cross section becomes substantially great and the 
waveguide light within the light conductor plate repeats 
the total reflection, whereby the angle formed between 
the light conductor plate and the waveguide light within 
the light conductor plate is increased since the light 
conductor plate is not flat and a thickness in the side 
of the light source is formed in a thick wedge shape. 

In the embodiment mentioned above (Fig. 21(B) ) , 
an optimum angle of incline of the cross section is 10 
to 25 degrees and 50 to 85 degrees . Particularly speaking, 
since the distribution of the angle of the emitting light 
from the light conductor plate is not important in the 
case of employing the light condensing plate and the 
diffusion plate, the optimum angle of incline of the cross 
section is 10 to 25 degrees at which the brightness of 
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the front surface becomes great. Further, in the case of 
not employing the light condensing plate, the optimum 
angle of incline of the cross section is equal to or more 
than 50 degrees at which the distribution of the angle 
of the emitting light becomes small. Further, when 
setting it to be equal to or more than 85 degrees, a 
formation becomes hard and it is not preferable. 

Fig. 2 6 is a view which shows a relation between 
the angle of incline of the dot of the small recess portion 
in the light conductor plate in Fig. 21(C) and the 
distribution of the angles of the emitting lights from 
the light conductor plate. Fig. 27 is a view which shows 
a relation between the angle of incline of the cross 
section and the brightness of the front surface in the 
case of placing the diffusion plate, the first light 
condensing plate and the second light condensing plate 
on the light conductor plate in Fig. 21(C) . In 
measurement, a depth of the small recess portion is set 
to 3 urn in the case that the angle of incline of the cross 
section is 10 degrees or less, and 8 urn in the case that 
it is 20 degrees or more. Further, the dot density is 
optimized and measured so that the whole of the light 
conductor plate is uniformly lightened. Further, as 
shown in Fig. 20, the reflecting plate 4 is provided on 
the lower surface and the side surface of the light 
conductor plate. 

Fig. 26 will be in detail described below. In 
the angle of incline of the cross section of 5 to 30 degrees, 
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the emitting angle for the maximum strength of the emitting 
light is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light at that time is increased. When setting 
5 the angle of incline of the cross section to 30 to 50 
degrees, the emitting angle is further increased together 
with an increase of the angle of incline of the cross 
section, however, the strength of the emitting light is 
reduced. Then, in the angle of incline of the cross 

10 section of 50 degrees or more, there is no apparent peak 
in the distribution of the angle of the emitting light. 

This is because in the case that the angle of 
incline of the cross section is equal to or less than 30 
degrees, the light conductor plate waveguide light is 

15 reflected under a condition similar to the total 

reflection due to the great incident angle and the 
reflective index is high when it is reflected on the small 
recess portion inclined surface, so that the emitting 
angle at which the strength of the emitting light becomes 

2 0 maximum is increased together with an increase of the angle 
of incline of the cross section, and the strength of the 
emitting light from the light emitting surface is 
increased. On the contrary, in the case that the angle 
of incline of the cross section is equal to or more than 

2 5 3 0 degrees, when the light conductor plate waveguide light 
is reflected on the small recess portion inclined surface, 
the incident angle is reduced together with an increase 
of the angle of incline of the cross section, and the 
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reflective index on the inclined surface of the small 
recess portion is reduced. Accordingly, the emitting 
angle at which the strength of the emitting light becomes 
maximum is increased together with the increase of the 
angle of incline of the cross section, however, the 
strength of the emitting light at that time is reduced. 
Further, in the angle of incline of the cross section of 
50 degrees or more , the reflective index is greatly lowered, 
the dot inclined surface transmitting light is mainly 
contained and the light 23 reflected on the reflecting 
plate becomes great, so that there is no apparent peak 
in the distribution of the angle. Further, the brightness 
of the front surface becomes peak when the angle of incline 
of the cross section is 25 to 30 degrees. 

In the embodiment mentioned above (Fig. 21(C) ) , 
an optimum angle of incline of the cross section is 18 
to 43 degrees and 50 to 85 degrees . Particularly speaking, 
since the distribution of the angle of the emitting light 
from the light conductor plate is not important in the 
case of employing the light condensing plate and the 
diffusion plate, the optimum angle of incline of the cross 
section is 18 to 43 degrees (preferably 25 to 35 degrees) 
at which the brightness of the front surface becomes great . 
Further, in the case of not employing the light condensing 
plate, the optimum angle of incline of the cross section 
is equal to or more than 5 0 degrees at which the 
distribution of the angle of the emitting light becomes 
small. Further, when setting it to be equal to or more 
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than 8 5 degrees, a formation becomes hard and it is not 
preferable . 

As mentioned above, the optimum angle of incline 
of the cross section varies in accordance with the 
thickness and the shape of the light conductor plate, 
however, as a result of various consideration, the optimum 
angle of incline of the cross section is 7 to 85 degrees. 
Particularly speaking, in the case of employing the 
diffusion plate and/or the light condensing plate, since 
the distribution of the angles of the emitting lights from 
the light conductor plate is not important, the optimum 
angle of incline of the cross section is 7 to 43 degrees 
(preferably 10 to 40 degrees) at which the brightness of 
the front surface becomes great. Further, in the case of 
not employing the light condensing plate, the optimum 
angle of incline of the cross section is equal to or more 
than 50 degrees at which the distribution of the angles 
of the emitting lights becomes small. Further, since the 
formation becomes hard when setting it to 85 degrees or 
more, it is not preferable. 

Next, a description will be given of various 
kinds of shapes of the small recess portion of the light 
conductor plate in accordance with the present invention 
more particularly. 

Fig. 19 is a view which shows a shape of a dot 
(a small recess portion) in accordance with a first 
embodiment. In this embodiment, a shape of a flat surface 
of the dot is formed in a substantially rectangular shape. 
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In this case, in the present embodiment, in addition to 
the substantially rectangular shape, a regular square (B) , 
a circular shape (C) , a substantially circular shape (D) 
(a shape obtained by partly deforming a circle) , a regular 
5 polygonal shape (E) , a trapezoidal shape (F) and a shape 
obtained by combining them (G) shown in Fig. 2 8 can be 
used. The substantially rectangular shape has a little 
confusion and is suitable for improving the brightness 
of the front surface, and since in the others, the 

10 confusion component is great, they are effective in 
preventing the shadow from generating from the light 
inputting surface. That is, it is possible to make the 
size of the dot in the shadow generating portion from the 
light inputting surface of the light conductor plate small 

15 and achieve the confusion effect so as to delete the 
shadow. 

Fig. 29(C) explains a cross sectional shape of 
the small recess portion in accordance with the present 
invention except Figs. 7 to 16. Fig. 29(A) shows an 

2 0 example in which the cross sectional shape of the small 
recess portion is trapezoidal. Fig. 29(B) shows one in 
which the cross sectional shape of the small recess portion 
is substantially trapezoidal and an edge thereof is formed 
in a smooth R shape. This shape is effective in the case 

25 of taking into consideration dispersion of a 

manufacturing condition for actually forming the light 
conductor plate. Further, since the edge is formed in the 
smooth R shape, the confusion is hard to be generated and 



35 

the effect can be obtained for improving the brightness . 
Fig. 29(C) shows an example in which the cross sectional 
shape of the small recess portion is asymmetrical, and 
it has an advantage of increasing a density of the dot. 
5 In this case, the edge formed in the smooth R shape shown 
in Fig. 29(B) is not limited to be applied to the cross 
sectional shape of the trapezoidal shape, but can be 
applied to the other shapes. 

Next, a description will be given of a depth of 
10 the small recess portion of the light conductor plate in 
accordance with the present invention more particularly. 

Fig. 3 0 is a view which shows a relation between 
a dot depth and a brightness of the front surface in the 
case of placing the diffusion plate, the first light 
15 condensing plate and the second light condensing plate 
on the light conductor plate in Fig. 21(A). In the 
measurement, as shown in Fig. 19, a measurement is 
performed by fixing the size of the dot bottom surface 
26 to about 0.2 x 0.04 mm and the angle of incline of the 
20 cross section to 3 0 degrees and optimizing the dot density 
so that the whole of the light conductor plate is uniformly 
lighted up. Further, as shown in Fig. 20, the reflecting 
plate 4 is placed on the lower surface of the light 
conductor plate and the side surface of the light conductor 
25 plate. 

In accordance with Fig. 30, it is desirable that 
the depth of the small recess portion is set to be equal 
to or more than 2 urn (preferably 5 urn or more) in order 
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to efficiently perform a reflection of the waveguide light 
within the light conductor plate. The reason is that in 
the case that the dot depth is equal to or less than 2 
urn, it is hard to sufficiently secure the area of the 
5 inclined surface 19 of the small recess portion even when 
increasing the dot density to a maximum value. Further, 
because when the height of the small recess portion is 
low, the waveguide light is easily confused and diffracted, 
and the same phenomenon occurs in the case of simply 
10 forming the light conductor plate in a rough surface. 

Further, an upper limit of the depth of the small 
recess portion is desirable to be equal to or less than 
100 urn {preferably 40 urn or less) . Because in the case 
that the depth of the small recess portion is greater than 
15 this, the brightness of the front surface does not appear, 
but the size of the dot is increased so as to cause a dot 
visibility. 

Next, a description will be given of a size of 
the small recess portion of the light conductor plate in 

20 accordance with the present invention more particularly. 
The size of the small recess portion is desirably set such 
that the area thereof is equal to or more than 0.000025 
square mm (preferably 0.0001 square mm or more). The 
reason is that in the case that the dot area is equal to 

25 or less than 0.000025 square mm, the waveguide light is 
easily confused and diffracted and the same phenomenon 
occurs in the case of simply forming the light conductor 
plate in a rough surface. 
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Further, in the case that the shape of the flat 
surface of the dot is formed in a substantially rectangular 
shape, a short line thereof is desirable to be equal to 
or more than 3 0 urn. This is because in the case of forming 
the shape of the flat surface of the dot in the 
substantially rectangular shape, it is necessary to 
increase the size of the dot at a certain degree in order 
to reduce the confusion. This is because a confusion is 
generated in an edge portion of the dot, that is, a joint 
portion between the inclined surface of the dot and the 
other portions, so that a rate of the portion where the 
confusion is generated occupied in the dot is increased 
in comparison with the inclined surface of the dot when 
the short line of the dot is small, whereby the confusion 
becomes large. That is, in the case that the shape of the 
flat surface of the dot is formed in the substantially 
rectangular shape, it is preferable that the dot is greater 
within the range where the dot visibility is not generated. 
Further, in a manufacturing method mentioned below, in 
order to employ an inexpensive film mask for a mask and 
a large-sized sealed type full exposing machine when 
exposing a resist, the short line is desirable to be equal 
to or more than 3 0 um. 

Further, when the dot is too large, the dot 
visibility is caused. Fig. 31 is a view which shows a 
result of searching a relation between the size of the 
dot and the dot visibility. As a result of considering 
various kinds of conditions, in the case that the dot shape 
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is formed in a circular shape, a regular square and the 
like, with taking into consideration setting the light 
condensing plate to one sheet, the area thereof is 
desirable to be equal to or less than 0.2 square mm 
(preferably 0 . 05 square mm or less) . In the case that the 
shape of the dot is formed in the substantially rectangular 
shape, the short line thereof is desirable to be equal 
to or less than 200 urn (preferably 100 urn or less) . 
Further, a ratio between the short line and the long line 
is desired to be equal to or less than 80 (preferably 20 
or less) . In the case of being equal to or more than these 
values, there is a possibility of generating the dot 
visibility. 

Since the light strength from the light source 
is generally lowered as it is apart from the light source 
within the light conductor plate, the density, the height 
or the size of the small recess portion is changed in 
accordance therewith, and the structure is made such that 
the distribution of the strengths of the small projecting 
portion reflecting light, that is, the brightness becomes 
uniform all around the whole surface of the light conductor 
plate. In the present invention, in the case of the simple 
light source, it is preferable to form so that that the 
density of the small projecting portion increase in a 
manner of an exponential function or a power series from 
the end surface in the side of the light source toward 
the opposing end surface of the light conductor plate. 



However, taking the reflection of the light on the end 
surface of the light conductor plate opposing to the light 
source side, there are many cases that the uniformity of 
the brightness can be achieved by reducing the density 
as moving near the end surface, in the adjacent of the 
opposing end surfaces of the light conductor plate 
mentioned above. 

Next, a description will be given of a structure 
of a back light apparatus in accordance with the present 
invention with reference to Fig. 32. 

Fig. 32(A) is an embodiment of a simple light 
source and a wedge-shaped light conductor plate. It is 
characterized by employing a light conductor plate in 
which a thickness of the light conductor plate is reduced 
in inverse proportion to a distance from the light source, 
and is effective in making the distribution of the 
strengths of the light conductor plate emitting light, 
reducing the thickness of the light conductor plate and 
lightening. 

Fig. 32(B) is an embodiment which employs a 
single light source and gives an incline to the end surface 
of the light conductor plate opposite to the light source, 
and is characterized by changing an angle of the waveguide 
light which is not emitted from the light emitting surface 
and reaches the end surface of the light conductor plate 
opposite to the light source among the waveguide lights 
so as to make it easy to emit the waveguide light. 
Accordingly, it is easy to uniform the distribution of 
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the strengths of the light conductor plate emitting light, 
and it is possible to reduce a light loss. 

Figs. 32(C) and (D) show an embodiment in which 
the end surface of the light conductor plate in the side 
of the light source is formed in a recess shape and a convex 
shape so as to adjust an expanding angle of the light 
conductor plate incident light. It is effective for 
controlling the distribution of the angles of the light 
emitted from the light emitting surface. 

Fig. 32 (E) shows an embodiment which is of a type 
having two light sources and employs a flat plate for the 
light conductor plate. 

Fig. 32 (F) shows an embodiment which is of a type 
having two light sources and changes a thickness of a light 
conductor plate for compensating unevenness of the 
brightness due to the distance from the light source. The 

structure of the back light apparatus mentioned above is 
not limited to the illustrated one, and can be made by 

combining them. 

Next, a description will be given of a second 

embodiment in accordance with the present invention with 

reference to the accompanying drawings. 

Fig. 33 is a perspective view of a back light 

apparatus in accordance with the present invention, Fig. 

34 is a perspective view which shows a dot (a small 

projecting portion) in accordance with the present 

embodiment, and Fig. 3 5 is a view which explains a shape 
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of a dot (a small projecting portion) in accordance with 
the present embodiment. 

The back light apparatus has a light source 1, 
a light conductor plate 2 and a reflection plate 4 as 
minimum constituting elements, and a dot 9 (a small 
projecting portion) is formed on a light conductor plate 
lower surface 18 in the light conductor plate. Further, 
the dot is basically arranged at random. 

Fig. 36 shows a locus of a light beam of a light 
conductor plate waveguide light 14 which moves forward 
within the light conductor plate in accordance with the 
present invention. In Fig. 36, the emitting light from 
the light source 1 is input to the light conductor plate 
2 at an end surface 15 of the light conductor plate in 
the side of the light source, as a light conductor plate 
incident light 16, becomes the light conductor plate 
waveguide light 14, and moves forward toward the other 
end surface while repeating a total reflection on the light 
conductor plate lower surface 18 and a light conductor 
plate light emitting surface 12 . A part of the light beam 
input to a inclined surface 27 of the small projecting 
portion among the waveguide lights is reflected and 
brought into contact with a light emitting surface 12 of 
the light conductor plate, is refracted there so as to 
be emitted from the light emitting surface, and is emitted 
as an emitting light beam 21. Then, the light beams which 
are not reflected become a dot inclined surface 
transmitting light beam 22 so as to be reflected 23 on 
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the reflecting plate, and is again input to the light 
conductor plate 2, and a part thereof is emitted from the 
light emitting surface and the remainder become again the 
light conductor plate waveguide light. Accordingly, by 
suitably arranging the small projecting portions, it is 
possible to gradually emit the waveguide light from the 
light conductor plate so as to light the liquid crystal 
display element. Further, by properly controlling an 
angle of incline of a cross section, it is possible to 
control the distribution of the angle of the emitting light 
from the light conductor plate. 

Fig. 3 7 is a view which shows a relation between 
the angle of incline of the dot of the small projecting 
portion and the distribution of the angles of the emitting 
lights from the light conductor plate. In this case, the 
outer shape of the light conductor plate is the same as 
that shown in Fig. 21 (A) , and the emitting angle in a graph 
corresponds to an emitting angle 25 illustrated in Fig. 
21. Fig. 3 8 is a view which shows a relation between the 
angle of incline of the cross section and the brightness 
of the front surface in the case of placing the diffusion 
plate, the first light condensing plate and the second 
light condensing plate on the light conductor plate 
mentioned above. In measurement, a depth of the small 
recess portion is set to 3 um in the case that the angle 
of incline of the cross section is 10 degrees or less, 
and 8 um in the case that it is 20 degrees or more . Further, 
the dot density is optimized and measured so that the whole 
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of the light conductor plate is uniformly lightened. 
Further, in the same manner as that of the first embodiment, 
the reflecting plate 4 is provided on the lower surface 
and the side surface of the light conductor plate. 

Figs. 37 and 38 show substantially the same 
result as the result of the light conductor plate in Fig. 
21(A) in accordance with the first embodiment. This is 
because the surface on which the dot is reflected is 
different, however, the mechanism for emitting the light 
is substantially the same. Accordingly, the optimum 
angle of incline of the cross section is 7 to 85 degrees 
which is the same as that of the first embodiment. 
Particularly speaking, in the case of employing the 
diffusion plate and/or the light condensing plate, since 
the distribution of the angles of the emitting light from 
the light condensing plate is not important, the optimum 
angle of incline of the cross section is 7 to 43 degrees 
at which the brightness of the front surface becomes great . 
Further, in the case of not employing the light condensing 
plate, the optimum angle of incline of the cross section 
is equal to or more than 50 degrees at which the 
distribution of the angles of the emitting lights becomes 
small. Further, since the formation becomes hard when 
setting it to be equal to or more than 85 degrees, it is 
not preferable. 

Next, a description will be given of various 
kinds of shapes of the small projecting portion of the 
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light conductor plate in accordance with the present 
invention more particularly. 

Fig. 3 5 is a view which shows a shape of a flat 
surface of a small projecting portion of a light conductor 
plate in accordance with a second embodiment of the present 
invention. In this embodiment, a shape of the flat 
surface of the small projecting portion is formed in a 
substantially rectangular shape. In this case, in the 
present embodiment, in addition to the substantially 
rectangular shape, a regular square (B) , a circular shape 
(C) , a substantially circular shape (D) (a shape obtained 
by partly deforming a circle) , a regular polygonal shape 
(E) , a trapezoidal shape (F) and a shape obtained by 
combining them (G) shown in Fig. 17 can be used. The 
substantially rectangular shape has a little confusion 
and is suitable for improving the brightness of the front 
surface, and since in the others, the confusion component 
is great, they are effective in preventing the shadow from 
generating from the light inputting surface. That is, it 
is possible to make the size of the dot in the shadow 
generating portion from the light inputting surface of 
the light conductor plate small and achieve the confusion 
effect so as to delete the shadow. 

Fig. 39 explains a cross sectional shape of the 
small projecting portion in accordance with the present 
invention except Figs. 7 to 16. Fig. 39(A) shows an 
example in which the cross sectional shape of the small 
projecting portion is trapezoidal. Fig. 39(B) shows one 
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in which the cross sectional shape of the small projecting 
portion is substantially trapezoidal and an edge thereof 
is formed in a smooth R shape. This shape is effective 
in the case of taking into consideration dispersion of 
a manufacturing condition for actually forming the light 
conductor plate. Further, since the edge is formed in the 
smooth R shape, the confusion is hard to be generated and 
the effect can be obtained for improving the brightness. 
Fig. 39(C) shows an example in which the cross sectional 
shape of the small projecting portion is asymmetrical, 
and it has an advantage of increasing a density of the 
dot. In this case, the edge formed in the smooth R shape 
shown in Fig. 39(B) is not limited to be applied to the 
cross sectional shape of the trapezoidal shape, but can 
be applied to the other shapes. 

Next, a description will be given of a height 
of the small projecting portion of the light conductor 
plate in accordance with the present invention more 
particularly. It is desirable that the height of the 
small projecting portion is set to be equal to or more 
than 2 pi (preferably 5 p or more) and equal to or less 
than 100 urn (preferably 40 urn or less) for the same reason 
as that of the first embodiment. Further, in the present 
embodiment, by setting the height of the small projecting 
portion higher than a value 29 defined by a width of the 
dot, the angle of incline of the cross section and an 
expanding angle of the waveguide light within the light 
conductor plate 28 as shown in Fig. 40, a portion 30 which 
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effectively functions as a reflecting surface is not 
changed, so that there is an advantage that it is possible 
to prevent unevenness of the brightness caused by the 
unevenness of the height of the dots. 

A shape of the flat surface of the dot, a size 
of the small projecting portion, a distribution and a 
structure of the back light apparatus are the same as those 
of the first embodiment. 

Next, a description will be given of a third 
embodiment in accordance with the present invention with 
reference to the accompanying drawings. 

Fig. 41 is a perspective view of a back light 
apparatus in accordance with the present invention, Fig. 
42 is a perspective view which shows a dot 9 (a small recess 
portion) in accordance with the present embodiment, and 
Fig. 19 is a view which explains a shape of a dot in 
accordance with the present embodiment. 

The back light apparatus has a light source 1, 
a light conductor plate 2 and a reflection plate 4 as 
minimum constituting elements, and a dot is formed on a 
light conductor plate lower surface 12 in the light 
conductor plate. Further, the dot is basically arranged 
at random. 

Fig. 43 shows a locus of a light beam of a light 
conductor plate waveguide light 14 which moves forward 
within the light conductor plate in accordance with the 
present invention. In Fig. 43, the emitting light from 
the light source 1 is input to the light conductor plate 
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2 at an end surface 15 of the light conductor plate in 
the side of the light source, as a light conductor plate 
incident light 16, becomes the light conductor plate 
waveguide light 14, and moves forward toward the other 
end surface while repeating a total reflection on the light 
conductor plate lower surface 18 and a light conductor 
plate light emitting surface 12. Apart of the light beam 
input to a inclined surface 19 of the small recess portion 
among the waveguide lights is refracted and emitted from 
the light emitting surface as an emitting light beam 21. 
Then, the light components which are not refracted are 
reflected, emitted from the lower surface of the light 
conductor plate, reflected 23 on the reflecting plate, 
and again input to the light conductor plate, and a part 
thereof is emitted from the light emitting surface and 
the remainder become again the light conductor plate 
waveguide light. Accordingly, by suitably arranging the 
small recess portions, it is possible to gradually emit 
the waveguide light from the light conductor plate so as 
to light the liquid crystal display element. 

Fig. 44 is a view which shows a distribution of 
the angles of the emitting lights from the light conductor 
plate in accordance with the third embodiment. In this 
case, the angle of incline of the cross section is 30 
degrees, the outer shape of the light conductor plate is 
the same as that shown in Fig. 21(A), and the emitting 
angle in a graph corresponds to an emitting angle 25 
illustrated in Fig. 21. Fig. 45 is a view which shows a 
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relation between the angle of incline of the cross section 
and the brightness of the front surface in the case of 
placing the diffusion plate, the first light condensing 
plate and the second light condensing plate on the light 
conductor plate mentioned above . In measurement , a depth 
of the small recess portion is set to 3 um in the case 
that the angle of incline of the cross section is 10 degrees 
or less, and 8 um in the case that it is 2 0 degrees or 
more. Further, the dot density is optimized and measured 
so that the whole of the light conductor plate is uniformly 
lightened. Further, in the same manner as that of the 
first embodiment, the reflecting plate 4 is provided on 
the lower surface and the side surface of the light 
conductor plate. 

Fig. 44 will be described. The distribution of 
the angles of the emitting lights has two peaks. A peak 
of the emitting angle 10 to 2 0 degrees corresponds to a 
peak of the light which is reflected on the inclined 
surface 19 of the small recess portion, emitted from the 
lower surface of the light conductor plate, reflected on 
the reflecting plate and generated by the emitted light, 
in Fig. 43. Further, a peak seen in 70 degrees or more 
is generated by the emitting light due to an existence 
of unevenness against the light transmitting through the 
inclined surface 19 of the small recess portion. In the 
third embodiment , in comparison with the first embodiment , 
the emitting angle of the emitting light tends to become 
great, so that it is hard to change and reduce the angle 
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of incline of the cross section. Accordingly, it is 
desirable to commonly employ the diffusion plate and the 
light condensing plate . Accordingly, the optimum angle 
of incline of the cross section is 15 to 85 degrees at 
5 which the brightness of the front surface becomes greater 
than that in Fig. 45. 

Next, with respect to the shape of the flat 
surface of the dot (the small recess portion) and the cross 
sectional shape of the small recess portion in the third 

10 embodiment, the same various kinds of shapes as those of 
the first embodiment can be used. Further, a height, a 
size and a distribution of the small recess portion and 
a structure of the back light apparatus in accordance with 
the present embodiment are the same as those of the first 

15 embodiment. Further , the same result can be obtained when 
setting the small recess portion of the present embodiment 
to the small projecting portion shown in Fig. 35. Further, 
when making the dot on both of the lower surface of the 
light conductor plate and the light emitting surface, an 

2 0 intermediate characteristic between the both can be 
obtained . 

Next, a description will be given of a fourth 
embodiment in accordance with the present invention. 

Fig. 46 shows a cross sectional shape of a light 
25 condensing plate 31 (a prism sheet) which is effective 
by being combined with the light conductor plate in 
accordance with the present invention. Fig. 47 shows an 
arrangement in the case of combining the light conductor 
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plate of the first embodiment with the light condensing 
plate in Fig. 46. Here, with respect to angles 8pl and 
9p2 of the light condensing plate , various kinds of optimum 
values exist in correspondence to the kind of the light 
conductor plate, however, ranges of 90 < 9pl < 60 degrees 
and 25 < 6p2 < 55 degrees are preferable. 

Fig. 48 shows a distribution of the angles of 
the emitting lights in the case of setting 6pl to 85 degrees 
and 0p2 to 3 5 degrees in an arrangement of Fig. 47 (A) . It 
i is characterized that the brightness is high near the 
emitting angle of - 40 degrees in addition to the front 
surface, so that it is possible to widely expand an angle 
of field while securing the brightness of the front surface. 
In the case of this type of combination, it is necessary 
5 to set 6pl to a value as large as possible. That is, 75 
degrees or more is desirable. However, since 85 degrees 
or more is not desirable since it is hard to be manufacture . 
Further, when being smaller than 75 degrees, the 
brightness is reduced near the emitting angle of - 40 
0 degrees. 6p2 is desirably set to 35 ± 10 degrees. When 
setting to the other values, the emitting angle at which 
the brightness becomes maximum becomes out of the front 
surface . 

Fig. 49 shows a distribution of the angles of 
5 the emitting lights in the case of setting 8pl to 70 degrees 
and 6p2 to 45 degrees in an arrangement of Fig. 47 (B) . It 
is possible to obtain a uniform brightness at all the 
emitting angles and it is possible to widely expand an 
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angle of field. In the case of this type of combination, 
6pl is desirably set to 70 ± 10 degrees. When setting to 
the other values , it is hard to obtain a uniform brightness 
at all the emitting angles. 0p2 is desirably set to 45 
5 ± 10 degrees. When setting to the other values, it is hard 
to obtain a uniform brightness at all the emitting angles. 

Fig. 50 is a view (photograph) which 
understandably shows an angle of field of the back light 
apparatus of the fourth embodiment. Fig. 51 is a view 
0 which explains a structure of a back light apparatus when 
photographing the view of Fig. 50. A conventional back 
light apparatus 32 employs a light conductor plate 33 using 
a printing dot and in which the reflecting plate 4 is placed 
on the lower surface of the light conductor plate, the 
5 diffusion plate 5, the first light condensing plate 6 and 
the second light condensing plate 7 are placed on the light 
emitting surface of the light conductor plate. The first 
light condensing plate and the second light condensing 
plate uses a prism sheet having a top angle of 90 degrees. 
0 the back light apparatus 3 4 in accordance with the fourth 
embodiment employs the light conductor plate 3 5 of the 
first embodiment and is structured such that the 
reflecting plate 4 is placed on the lower surface of the 
light condensing plate and the diffusion plate 5 and the 
5 light condensing plate 31 in Fig. 46 are placed on the 
light emitting surface of the light conductor plate. 

Next, a description will be given of a fifth 
embodiment in accordance with the present invention. 



52 

In the present invention, it is possible to 
control the distribution of the angles of the emitting 
lights from the light conductor plate by controlling the 
angle of incline of the cross section. Here, when making 
the angle of incline of the cross section uniform on all 
the surface of the light conductor plate, the distribution 
of the angles of the emitting lights is different between 
the position near the light source and the position apart 
from the light source, as shown in Fig. 52. In order to 
prevent this, it is effective to change the angle of 
incline of the cross section between the position near 
the light source and the position apart from the light 
source. A difference of the peak of the angle 
distribution of the emitting light between the position 
near the light source and the position apart from the light 
source is different in correspondence to the outer shape 
of the light conductor plate and the like, however, it 
takes a value about 1 to 15 degrees (8 degrees in the case 
of Fig. 52) . Fig- 53 shows a distribution of the angles 
of the emitting lights in the case of changing the an 
average of the angles of incline in the cross section of 
the light conductor plate from the side of the light source 
toward the opposite side, whereby the angle thereof 
becomes small in the side of the light source. In the 
present embodiment, the angle of incline of the cross 
section is linearly changed so that it becomes 27 degrees 
at a point of 10 mm apart from the light source and 33 
degrees at a point of 150 mm apart from the light source. 
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An amount of changing the angle of incline of the cross 
section varies in accordance with the outer shape of the 
light conductor plate and the like, however, it is 
necessary to set it to 0.5 to 15 degrees. 

Next, a description will be given of a sixth 
embodiment in accordance with the present invention. 

In the present invention, it is possible to 
control the distribution of the angles of the emitting 
lights from the light conductor plate by controlling the 
angle of incline of the cross section. Here, when making 
the angle of incline of the cross section as viewing the 
light conductor plate at an area of 1 to 4 square cm uniform 
and using two light condensing plates for improving the 
brightness of the front surface, there can be obtained 
a back light apparatus having a sharp peak in the angle 
distribution of the emitting lights from the light 
conductor plate and having a narrow angle of field, as 
shown in an angle uniformity in Fig. 54. As a method of 
preventing this, there is a method which employs the 
diffusion plate, however, in the present invention, it 
is possible to control the angle of field by making the 
angle of incline of the cross section uneven when viewing 
the light conductor plate at an area of 1 to 4 square cm. 
An angle unevenness in Fig. 54 corresponds to a 
distribution of the angles of the emitting lights from 
the light conductor plate in the case of changing the angle 
of incline of the cross section at every dots or every 
parts of the dot within a range of ± 10 degrees around 
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the average thereof as viewing the light conductor plate 
at an area of 1 to 4 square cm. As mentioned above, it 
is possible to control the angle of field in accordance 
with the unevenness of the angle of incline of the cross 
section. Further, the changing range of the angle of 
incline of the cross section at this time is desirable 
to be ± 2 to 15 degrees. In the case of ± 2 degrees, there 
hardly exists an affect of expanding the angle of field. 
Further, when ± 15 degrees or more is set, it is out of 
the range of capable of controlling the emitting angle 
by the angle of incline of the cross section, so that it 
is not preferable. 

Next, a description will be given of a seventh 
embodiment in accordance with the present invention. 

In the present invention, the structure is made 
such as to guide the light out of the light conductor plate 
in accordance with the reflection and the refraction by 
the inclined surface of the dot, and expand the light to 
corners within the light conductor plate with using a 
regular reflection at the other portions. Accordingly, 
by reducing a surface roughness of the light conductor 
plate, it is possible to reduce a loss at a time of 
reflection and refraction and improve the brightness. 
Fig. 55 is a view which shows a relation between Ra of 
a flat portion (having an angle formed with respect to 
the dot forming surface being equal to or less 5 degrees) 
on the dot forming surface of the light conductor plate, 
and the brightness of the front surface (using a diffusion 
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plate and two light condensing plates) . As shown in Fig. 
55, Ra is desirably set to be equal to or less than 0.3 
pm (preferably 0 . 05 urn) . Further, in the first and second 
embodiments, it is effective to form a reflecting film 
along the dot in place of the reflecting plate 4. 

Next, a description will be given of a 
manufacturing method of a light conductor plate for a 
liquid crystal display apparatus in accordance with the 
present invention. 

A manufacturing method of the light conductor 
plate basically comprises a step of making a metal mold 
and a step of plastic molding. As the method of making 
the metal mold, various kinds of mechanical processing 
methods, for example, a drilling method, a cutting method, 
a grinding method and the like can be employed. Further, 
an electric spark method is also an effective means. 
However, the dot constituted by the small projecting 
portion or the small recess portion in accordance with 
the present invention is structured such that a number 
thereof is 200 to 20000 per square cm in a general design 
and a significantly large number is necessary for the whole 
of the light conductor plate, so that it is preferable 
to adopt a manufacturing method mentioned below. 

Fig. 56 is a process diagram which shows a first 
embodiment of the manufacturing method. This 
manufacturing method has the following steps. 

(1) a step of forming a photo resist 37 on a base 
plate 36; 
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(2) a step of arranging a photo mask 3 8 having a 
pattern of the dot on the base plate mentioned 
above and developing the photo resist after 
irradiating an ultraviolet ray 3 9 from an upper 
portion of the mask so as to form a pattern 40 
of the dot on the base plate; 

(3 ) a step of applying a metal plating on the pattern 
and forming a plastic molding stamper 42; and 

(4) a step of plastic molding with using the stamper. 
Here, as the base plate, a glass plate which is 

mirror abraded at a thickness of about 2 to 10 mm or the 
like is employed. Before forming the photo resist, it is 
possible to previously apply a silane group adhesive 
property improving agent. As the photo resist material, 
a liquid or film-like positive type or negative type 
material can be employed. Fig. 56 shows a step in the case 
of using the positive type material. As the forming 
method, there are a spin coating method and a roll coating 
method. It is possible to change the height of the small 
projecting portion and the depth of the small recess 
portion by controlling the thickness of the photo resist. 
Further, it is possible to control the angle of incline 
of the cross section by adjusting the exposing and 
developing conditions. For the photo mask, various kinds 
of masks such as a chrome mask, a film mask, an emulsion 
mask and the like can be employed, which can be made by 
previously preparing data such as a size, a number, a 
distribution and the like of the designed dot and 
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describing by an electronic beam, a laser beam and the 
like. When forming a conductive film before forming a 
plating layer, an unevenness of the plating step is lost, 
and an improved plating layer, that is, the stamper can 
be formed. As a material for the conductive layer and the 
plating layer, various kinds of metals can be used, Ni 
is an optimum material in view of an uniformity and a 
mechanical performance. The obtained plating layer can 
be easily peeled out from the base plate in a physical 
manner, and can be used as the stamper by abrasion 
finishing in accordance with necessity. 

The obtained stamper is fixed, for example, to 
a base mold 43 of an injection molding machine by means 
of a magnet, a vacuum chuck and the like. Fig. 56 shows 
a method of manufacturing the light conductor plate 2 by 
the injection molding machine, however, in addition to 
the method, it is possible to form the light conductor 
plate by an extrusion molding, a compression molding, a 
vacuum molding and the like. 

As the material constituting the light 
conductor plate, it is possible to use a general kind of 
transparent plastic material. For example, there are an 
acrylic plastic, a polycarbonate resin, a polyacetal 
resin, a polyurethane resin, an ultraviolet ray setting 
plastic material. Among them, the acrylic resin is 
excellent in view of a transparent property, a cost and 
a molding easiness and corresponds to a material suitable 
for the present invention. 



Fig. 57 is a process diagram which shows a second 
embodiment of the manufacturing method in accordance with 
the present invention. This manufacturing method has the 
following steps. 

(1) a step of forming a photo resist film 37 on a 
stamper original plate 44; 

(2) a step of arranging a photo mask 3 8 having a 
pattern of the dot on the base plate mentioned 
above and developing after irradiating an 
ultraviolet ray 3 9 from an upper portion of the 
mask so as to form a pattern 40 of the dot on 
the stamper original plate ; 

(3) a step of making the pattern mentioned above in 
a mask and etching the stamper original plate 
44 so as to form a stamper 42; 

(4) a step of removing the remainder 45 of the photo 
resist mask; and 

( 5 ) a step of plastic molding with using the stamper . 
The present step does not employ the plating step , 
and is different from the step in Fig. 56 in view of 
processing a metal plate. Here, the stamper original 
plate is, for example, a metal plate obtained by mirror 
finishing Ni or the like. As a method of etching the 
stamper original plate with making the photo mask pattern 
in the mask, in addition to the wet etching, various kinds 
of dry etching methods can be employed. In particular, 
an ion milling method which can control the angle of 
incline of the cross section by inputting an ion beam from 



a predetermined angle corresponds to a method suitable 
thereto. In this case, it is possible to directly 
manufacture the metal mold in accordance with the 
manufacturing method mentioned above with using the metal 
mold material which is generally used in place of the 
stamper original plate. 

Fig. 58 is a process diagram which shows a third 
embodiment of the manufacturing method in accordance with 
the present invention. This manufacturing method has the 
following steps . 

(1) a step of forming a photo resist 37 on a base 
plate; 

(2) a step of arranging a photo mask 3 8 having a 
pattern of the dot on the base plate mentioned 
above and developing after irradiating an 
ultraviolet ray 3 9 from an upper portion of the 
mask so as to form an original shape of a pattern 
of the dot on the base plate; 

(3) a step of dry etching the pattern so as to form 
the pattern in a desired cross sectional shape; 

(4) a step of applying a metal plating so as to form 
a plastic molding stamper; and 

( 5 ) a step of plastic molding with using the stamper . 
The process corresponds to a method of forming 
the stamper in accordance with the plating step after 
forming the photo mask pattern in accordance with the dry 
etching method to the predetermined shape, and is 
characterized by forming the original shape of the dot 
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in the desired cross sectional shape by employing an iron 
milling or the like as the dry etching method. 

Next, a description will be given of an 
embodiment of a manufacturing method performed in 
5 combination with the first embodiment of the 

manufacturing method for realizing the fifth and sixth 
embodiments. In the first embodiment of the 
manufacturing method, in the case of adding an annealing 
step (155 to 200 degrees) after (2) the step of forming 

10 the pattern of the dot on the base plate, it is possible 
to control the angle of incline of the cross section by 
changing a dot width (a length in a direction perpendicular 
to the light source of the dot (refer to Fig. 35)) or an 
average distance between the dots (unit distance/ (square 

15 root of dot density)) . That is, as shown in Fig. 59, it 
is possible to control the angle of incline of the cross 
section in accordance with the dot width, and it is 
possible to control the angle of incline of the cross 
section even when employing the average distance between 

20 the dots as shown in Fig. 60. Here, Fig. 61 shows an 
example of a relation between the dot width and the angle 
of incline of the cross section. It is possible to 
increase the angle of incline of the cross section by 
making the dot width narrow. In this case, it is 

25 determined in accordance with the kind of the employed 
resist (2 types comprising a positive type or a negative 
type) and the kind of the mask (2 types comprising a type 
of shading the portion to be made the dot or a type of 
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transmitting the light) whether the dot width or the 
average distance between the dots should be changed. 

Next, a description will be given of a structure 
of a liquid crystal display apparatus. 

Fig. 62 shows a liquid crystal display apparatus 
in accordance with the present invention. A deflecting 
plate, a TFT, a liquid crystal cell, a common electrode, 
a color filter and a polarizing plate are placed on an 
upper surface of the back light apparatus . This structure 
shows a popular embodiment of the liquid crystal apparatus , 
various kinds of structures including the back light 
apparatus can be considered in accordance with the usage 
of the display apparatus. 

For example, a particular wide angle of field 
is required for a desk top type liquid crystal display 
apparatus in a personal computer or a television monitor, 
however, in this case, it is possible to arrange a 
diffusion plate which confuses the lightening beam and 
expands the angle of field, at a suitable position. 
Further, it is possible to arrange a sheet having a light 
diffusing effect for expanding the angle of field, after 
arranging the prism sheet so as to irradiate the lightening 
beam having a further higher directionality, or process 
the light emitting surface so as to give a light confusion 
function, thereby expanding the angle of field. 

A particular embodiment of the light source, 
there can be exemplified a cold-cathode tube, a hot- 
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cathode tube, a tungsten lamp, a xenon lamp, a metal halide 
lamp and the like. In general, a light source of a low 
temperature type such as the cold-cathode tube is 
desirable . 

The liquid crystal element or the liquid crystal 
cell employed for the present invention is not 
particularly limited, and a well-known element and panel 
can be employed. As a general liquid crystal cell, there 
can be exemplified a twist nematic type, a super twist 
nematic type, a homogeneous type, a thin film transistor 
type, an active matrix drive type, a simple matrix drive 
type and the like. 

In this case, a mask for making the brightness 
uniform (not shown) which is employed as occasion demands 
compensates the unevenness of the brightness due to the 
distance difference from the light source, is, for example, 
formed as a sheet obtained by changing a transmission of 
the light, and the mask for making the brightness uniform 
can be arranged at an optional position on the light 
conductor plate. 

INDUSTRIAL APPLICABILITY 

As mentioned above, by employing the light 
conductor plate having multi functions and high 
performance in accordance with the present invention for 
the liquid crystal display apparatus, it is possible to 
reduce the number of the constituent parts of the back 
light apparatus which is conventionally constituted by 
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a lot of parts, that is, the light source, the light 
conductor plate, the diffusion sheet, the prism sheet, 
the reflecting sheet and the like. At the same time, it 
is possible to improve the brightness and reduce the cost 
of the constituent parts and the man-hour for assembling. 
Accordingly, it is possible to obtain the liquid crystal 
display apparatus which generates no unevenness of the 
brightness and has a stable property, and an industrial 
applicability is significantly great. 
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CLAIMS 

1. A liquid crystal display apparatus comprising 
a light conductor plate and a light source arranged on 
a side surface of said light conductor plate, thereby 
lightening a liquid crystal cell from a side of a back 
surface, wherein the light conductor plate has an incident 
surface for a light from the light source, a light emitting 
surface for emitting the input light to the liquid crystal 
cell, and a plurality of dots constituting by small 
projecting portions or small recess portions for changing 
a moving direction of the light from the incident surface 
toward a direction of the light emitting surface. 

2. A liquid crystal display apparatus comprising 
a light conductor plate and a light source arranged on 
a side surface of said light conductor plate, thereby 
lightening a liquid crystal cell from a side of a back 
surface, wherein the light conductor plate has an incident 
surface for a light from the light source, a light emitting 
surface for emitting the input light to the liquid crystal 
cell, and a plurality of dots constituting by small 
projecting portions or small recess portions for changing 
a moving direction of the light from the incident surface 
toward a direction of the light emitting surface provided 
on a surface opposite to the light emitting surface. 

3. A liquid crystal display apparatus comprising 
a light conductor plate and a light source arranged on 
a side surface of said light conductor plate, thereby 
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lightening a liquid crystal cell from a side of a back 
surface, wherein the light conductor plate has an incident 
surface for a light from the light source, a light emitting 
surface for emitting the input light to the liquid crystal 
cell, and a plurality of dots constituting by small 
projecting portions or small recess portions for changing 
a moving direction of the light from the incident surface 
toward a direction of the light emitting surface provided 
on the light emitting surface. 

4 . a liquid crystal display apparatus as claimed 

in any one of claims 1 to 3 , wherein an area of each of 
said dots constituting by the small projecting portions 
or the small recess portions is within a range between 
0.2 and 0.000025 square mm. 

5. a liquid crystal display apparatus as claimed 
in any one of claims 1 to 3 , wherein an area of each of 
said dots constituting by the small projecting portions 
or the small recess portions is within a range between 
0.01 and 0.0 001 square mm. 

6. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 5 , wherein a shape of each of 
said dots constituting by the small projecting portions 
or the small recess portions is a substantially 
rectangular shape, and a length of a short line thereof 
is equal to or less than 200 urn. 

7. a liquid crystal display apparatus as claimed 
in any one of claims 1 to 5 , wherein a shape of each of 
said dots constituting by the small projecting portions 
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or the small recess portions is a substantially 
rectangular shape, and a length of a short line thereof 
is between 10 and 10 0 um. 

8. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 7 , wherein a shape of each of 
said dots constituting by the small projecting portions 
or the small recess portions is a substantially 
rectangular shape, and a ratio between a short line and 
a long line thereof is equal to or less than 80. 

9. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 7 , wherein a shape of each of 
said dots constituting by the small projecting portions 
or the small recess portions is a substantially 
rectangular shape, and a ratio between a short line and 
a long line thereof is equal to or less than 20. 

10. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 9 , wherein a height or a depth 
of each of said dots constituting by the small projecting 
portions or the small recess portions is within a range 
between 2 and 10 0 urn. 

11. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 9 , wherein a height or a depth 
of each of said dots constituting by the small projecting 
portions or the small recess portions is within a range 
between 5 and 4 0 um. 

12 . A liquid crystal display apparatus as claimed 

in any one of claims 1 to 11, wherein a shape of each of 
said dots constituting by the small projecting portions 
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or the small recess portions is a substantially 
rectangular shape, and a long line of the rectangular shape 
is arranged substantially in parallel to the light 
emitting surface of the light source. 

13 . A liquid crystal display apparatus as claimed 

in any one of claims 1 to 12 , wherein an angle of incline 
of a cross section of each of said dots constituting by 
the small projecting portions or the small recess portions 
is within a range between 7 and 85 degrees. 

14. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 12, wherein an angle of incline 
of a cross section of each of said dots constituting by 
the small projecting portions or the small recess portions 
is within a range between 7 and 43 degrees. 

15. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 14, wherein a number per a unit 
area of the small projecting portions or the small recess 
portions in said light conductor plate is increased from 
a side of the light source toward an opposite side. 

16. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 15, wherein a reflecting film 
is formed on a surface forming the dots constituting by 
the small projecting portions or the small recess portions 
in said light conductor plate. 

17 . A liquid crystal display apparatus as claimed 

in any one of claims 1 to 16, wherein the small projecting 
portions or the small recess portions in said light 
conductor plate are arranged at random. 
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18. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 17, wherein an angle of incline 
in cross section of the dots constituting by the small 
projecting portions or the small recess portions in said 
light conductor plate is changed from a portion near the 
light source toward a portion apart from the light source, 
and an angle thereof is substantially smaller at the 
portion near the light source. 

19. a liquid crystal display apparatus as claimed 
in any one of claims 1 to 18, wherein an angle of incline 
in cross section of the dots constituting by the small 
projecting portions or the small recess portions in said 
light conductor plate is changed from a portion near the 
light source toward a portion apart from the light source, 
an angle thereof is substantially smaller at the portion 
near the light source, and when sectioning the dot forming 
surface of the light conductor plate by a regular square 
of 1 to 4 square cm, an average of an angle of incline 
of a cross section within a regular square closest to the 
light source is 0 . 5 to 15 degrees different from an average 
of an angle of incline of a cross section within a regular 
square most apart from the light source. 

20. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 17 , wherein when sectioning the 
dot forming surface of said light conductor plate by a 
regular square of 1 to 4 square cm, an angle of incline 
of a cross section of the dots constituted by the small 
projecting portions or the small recess portions existing 
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within said regular square is changed at every dots or 
every dot portions within one dot. 

21. A liquid crystal display apparatus as claimed 

in any one of claims 1 to 17, wherein when sectioning the 
dot forming surface of said light conductor plate by a 
regular square of 1 to 4 square cm, an angle of incline 
of a cross section of the dots constituted by the small 
projecting portions or the small recess portions existing 
within said regular square is changed at every dots or 
every dot portions within one dot, within a range between 
averages ± 2 and 15 degrees within said regular square. 
22 . A liquid crystal display apparatus as claimed 

in any one of claims 1 to 21, wherein a width of the dots 
constituted by the small projecting portions or the small 
recess portions in said light conductor plate, that is, 
a length of the dots in a direction perpendicular to the 
light source is changed from a portion near the light 
source toward a portion apart from the light source, and 
the width is substantially great in the portion near the 
light source. 

23. A liquid crystal display apparatus as claimed 

in any one of claims 1 to 22, wherein an average distance 
between the dots constituted by the small projecting 
portions or the small recess portions in said light 
conductor plate, that is, a square root of a result 
obtained by a formula unit distance dot density is 
changed from a portion near the light source toward a 
portion apart from the light source, and the distance is 
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substantially great in the portion near the light source. 

24. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 23, wherein a calculated average 
surface roughness Ra of portions other than a dot forming 
surface of the dots constituted by the small projecting 
portions or the small recess portions in said light 
conductor plate is set to be equal to or less than 0.3 
pm . 

25. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 23, wherein a calculated average 
surface roughness Ra of portions other than a dot forming 
surface of the dots constituted by the small projecting 
portions or the small recess portions in said light 
conductor plate is set to be equal to or less than 0.05 
■urn . 

26. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 25, wherein a prism sheet having 
a relation of 90 < Gpl < 60 degrees and 26 < 0p2 < 55 degrees 
is used in combination with said light conductor plate. 

27. A liquid crystal display apparatus as claimed 
in any one of claims 1 to 26, wherein a thickness of said 
light conductor plate is different in accordance with a 
distance from the light source. 

28. A method of manufacturing a light conductor 
plate for a liquid crystal display apparatus comprising: 

(1) a step of forming a photo resist on a stamper 
original plate; 



(2) a step of arranging a photo mask having a flat 
surface shape pattern or an inverted pattern of 
a dot constituted by a small projecting portion 
or a small recess portion on a base plate and 
developing after irradiating an ultraviolet ray 
from an upper portion of a mask so as to form 
a pattern for forming the small projecting 
portion or the small recess portion on the 
stamper original plate ; 

(3) a step of making said pattern in a mask and 
etching the stamper original plate so as to form 
a plastic forming metal stamper; 

(4) a step of plastic molding with using said 
stamper . 

29. A method of manufacturing a light conductor 

plate for a liquid crystal display apparatus comprising: 

(1) a step of forming a photo resist film on a base 
plate; 

(2) a step of arranging a photo mask having a flat 
surface shape pattern or an inverted pattern of 
a dot constituted by a small projecting portion 
or a small recess portion on said base plate and 
developing after irradiating an ultraviolet ray 
from an upper portion of a mask so as to form 
a pattern for forming the small projecting 
portion or the small recess portion on the 
stamper original plate; 
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(3) a step of dry etching said pattern so as to form 
a pattern; 

(4) a step of applying a metal plating so as to form 
a plastic forming stamper; 

(5) a step of plastic molding with using said 
stamper . 

30. A method of manufacturing a light conductor 
plate for a liquid crystal display apparatus comprising: 

(1) a step of forming a photo resist film on a base 
plate ; 

(2) a step of arranging a photo mask having a flat 
surface shape pattern or an inverted pattern of 
a dot constituted by a small projecting portion 
or a small recess portion on said base plate and 
developing after irradiating an ultraviolet ray 
from an upper portion of a mask so as to form 
a pattern of the dot constituted by the small 
projecting portion or the small recess portion 
on the stamper original plate; 

(3) a step of applying a metal plating on said 
pattern so as to form a plastic forming metal 
stamper ; 

(4) a step of plastic molding with using said 
stamper. 

31. A method of manufacturing a light conductor 
plate for a liquid crystal display apparatus comprising: 

(1) a step of forming a photo resist film on a base 
plate; 



(2) a step of arranging a photo mask having a flat 
surface shape pattern or an inverted pattern of 
a dot constituted by a small projecting portion 
or a small recess portion on said base plate and 
developing after irradiating an ultraviolet ray 
from an upper portion of a mask so as to form 
a pattern of the dot constituted by the small 
projecting portion or the small recess portion 
on the stamper original plate ; 

(3) a step of heating said pattern to a temperature 
between 155 and 200 degrees so as to set an angle 
of incline of a cross section of the resist to 
a predetermined angle between 7 and 8 5 degrees 
with respect to a base plate surface; 

(4) a step of applying a metal plating on said 
pattern so as to form a plastic forming metal 
stamper ; 

(5) a step of plastic molding with using said 
stamper . 
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ABSTRACT 

The present invention provides a liquid crystal 
display apparatus having a high brightness and a less 
number of constituent parts. By forming a plurality of 
dots each constituted by a small projecting portion or 
a small recess portion for changing a light at a 
predetermined angle from an incident surface of a light 
conductor plate toward a direction of a transmitting 
surface and properly controlling an angle of incline of 
a cross section, it is possible to irradiate an 
illuminating light having a suitable angle distribution 
from a light emitting surface toward a display element, 
thereby improving a brightness of the liquid crystal 
display apparatus . 
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